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Abstract

Traditional nursery culture of Changbai larch (Larix olgensis Henry) in Northeast China requires up to a 2-year nursery
production period. The high cost of seedling culture for this duration has been identified as a constraint. As a potential
means to help to shorten the cultural period, we evaluated growth, biomass accumulation, and nitrogen (N) uptake
dynamics of 1-year-old seedlings subjected to nutrient-loading treatments at intensive rates of 500 mg N seedling '
supplied exponentially (E500) and 135 mg N seedling ! supplied exponentially (E135) or conventionally (constant). Also
included were an unfertilized control and the standard fertilizer regime for 2-year-old seedling production (77 mg N
seedling ' supplied conventionally over 2 years). At the end of nursery culture, though seedlings in the constant treatment
had more biomass and N accumulation at the whole-seedling level, much of this was allocated to needles. While seedlings in
the E500 treatment exhibited signs of toxicity, those in the E135 treatment had equivalent end-of-nursery N concentration
in woody tissues to those produced over 2 years; root collar increment and survival 69 d after outplanting were also similar.
Our results suggest that exponential nutrient loading at an optimal rate could increase available nutrient reserves in woody
tissues of deciduous tree seedlings, therefore having the potential to improve seedling performance after outplanting.
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Introduction et al. 2009), reduce nutrient losses, and increase
nutrient uptake efficiency (Dumroese et al. 2005;
Park et al. 2012). In an effort to counter nutrient
dilution, nutrient loading before (Miller & Timmer
1997; Timmer 1997) and after (Boivin et al. 2004)
hardening has been examined. Results confirm the
capacity to promote greater nutrient reserves within
seedlings under the nutrient-loading regime. Recent
evidence shows that nutrient reserves are correlated
with seedling size (Cuesta et al. 2010) and that larger

Nitrogen (N) reserves in tree seedlings before out-
planting are important for field performance because
N can facilitate new root growth and help newly
planted seedlings overcome drought stress (Timmer
1997). For evergreen species, leaves are the main
storage organ of N, but for deciduous species that
exhibit leaf senescence, N is mainly reserved in woody
tissues (Wilson & Jacobs 2006; Millard & Grelet 2010)
and subsequently re-translocated to support new

growth after bud break. Nursery fertilization can
help to build these nutrient reserves, but the dynamics
of these processes have been studied much more
extensively for conifers than for deciduoustree species.

Exponential nutrient loading in the nursery could
improve seedling quality (Timmer et al. 1991; Oliet

seedlings have better field performance (Cuesta et al.
2010;Lietal. 2011; Villar-Salvadoretal. 2012). Thus,
to fully evaluate the importance of nutrient loading, it
is necessary to more critically compare field perfor-
mance of nutrient-loaded seedlings with that of larger
seedlings cultured under operational fertilizer regimes.
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